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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1  Overview 
 
 
 Underwater Acoustic (UWA) has become widely focused from many 
engineers and it has surfaced as a powerful technique for aquatic applications, and it 
has attracted more and more attention from the research community recently. UWA 
communication is beginning to revolutionize our understanding of the physical world 
by providing fine resolution sampling of the surrounding environment. The ability to 
have many small devices streaming real-time data physically distributed near the 
objects being sensed brings new opportunities to observe and act on the world which 
could provide significant benefits to mankind. For example, dense wireless sensor 
communication  have been used in agriculture to improve the quality, yield and value 
of crops, by tracking soil temperatures and informing farmers of fruit maturity and 
potential damages from freezing temperatures [1]. They have been deployed in 
sensitive habitats to monitor the causes for mortality in endangered species [2]. 
UWA communications have also been used to detect structural damages on bridges 
and other civil structures to inform authorities of needed repair and have been used to 
monitor the vibration signatures of industrial equipment in fabrication plants to 
predict mechanical failures [3]. 
 
Underwater Acoustic (UWA) a kind of measuring and controlling system 
consisting of unmanned or autonomous underwater vehicles (UUVs/AUVs) and 
sensor nodes that have sensing, communication computing and moving capabilities. 
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UWA, which have the features of distributed space, distributed time and distributed 
function, is a typical autonomous and intelligent system which can independently 
accomplish specific tasks depending on the changing environment over a given 
volume of water. 
 
 
UWAs are envisioned to enable applications for oceanographic data 
collection, pollution monitoring, offshore exploration, disaster prevention, assisted 
navigation and tactical surveillance applications [1]. Multiple unmanned or 
autonomous underwater vehicles (UUVs/AUVs), equipped with underwater sensors, 
will also find application in exploration of natural undersea resources and gathering 
of scientific data in collaborative monitoring missions. To make these applications 
viable, there is a primary need to enable underwater communications among 
underwater devices. 
 
 
Acoustic communications are the typical physical layer technology in 
underwater systems. Wire communications are difficult to deploy and are unsuitable 
for moving. In fact, radio waves suffer from such high attenuation, while optical 
waves are affected by scattering and high precision in pointing the narrow laser 
beams. Acoustic wireless communications enable the UWA [2]. However, the 
complexity of underwater environment and Acoustic communications are the 
challenges to UWA. Hence, UWA have become a hot research topic. 
 
 
 The unique characteristics of the underwater acoustic communication 
channel, such as limited bandwidth capacity, high propagation delays and low 
reliability are time-variant, space-variant and frequency-variant[3]. Moreover, the 
ocean environment is dynamic and complex. Hence, theory analyses and precise 
simulation is difficult for UWA.  
 
 
 A few experimental implementations of underwater acoustic have been 
reported in the last few years. The Front-Resolving Observational Network with 
Telemetry (FRONT) project relies on acoustic telemetry and ranging advances 
pursued by the US Navy referred to as ‘telesonar’ technology [4]. The Seaweb 
3 
 
network for FRONT Oceanographic Sensors involves telesonar modems deployed in 
conjunction with sensors, gateways, and repeaters, to enable sensor-to-shore data 
delivery and shore-to-sensor remote control. Researchers from different fields 
gathered at the Monterey Bay Aquarium Research Institute in August 2003 and July 
2006 to quantify gains in predictive skills for principal circulation trajectories, i.e., to 
study upwelling of cold, nutrient-rich water in the Monterey Bay, and to analyze how 
animals adapt to life in the deep sea. However, experiment research on UWA is 
elementary and seldom work on developing platform for UWA is reported according 
our knowledge. 
 
 
 In this project, we design and develop a physical experiment platform for 
UWA. The experiment platform consists of system control of UWA connection, 
which can complete point-to-point communication performance tests and end-to-end 
connection experiments. This platform serves as the testing and evaluating system of 
UWA, which is convenient, flexible and scalable. Based on this experiment platform, 
a lot experiments are made and a great deal of data on acoustic communication. 
 
 
1.2  Problem Statement 
 
 
Though commercial acoustic modems are available, there are not many to 
choose from and their proprietary nature makes customization of these products 
expensive or simply infeasible [13]. Researcher’s needs a better option to prototype 
their algorithms and further develop the field of underwater acoustic communication. 
In particular, the ability to add functionality to a proprietary system is difficult. For 
example, as researchers we wish to investigate designs with different parameters 
such as carrier frequency, bit rate, and packet size. To parameterize, commercial 
modems do not supply the flexibility and commercial modems do not furnish the 
flexibility to parameterize [15]. 
 
 
For Underwater Acoustic communication the design of the Modem is very 
important. There are many research on underwater modem for AUV and UUV but 
however there modem con not support variable modulation. By using SDR platform 
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user can add coding and varied the modulation to increase the throughput of the 
transmission.  
 
Since the characteristics of the underwater acoustic channel cannot be 
properly modeled with a static configuration, it is important to be able to change the 
properties of an acoustic modem at run time. Underwater acoustic system has the 
flexibility of software defined radios (SDR) and the advantages of the network layers 
of GNU Radio and Linux, ultimately providing and end-to-end network for easy 
underwater development from the physical to application layer. 
 
 
This thesis describes the full system of underwater acoustic modem with 
underwater wireless sensor connected to the most critical component of the system 
which is the USRP modem, hydrophone, and the USRP amplifier design circuit. 
 
 
 
 
 
1.3  Research Objectives 
 
 
The main objective of this research is to develop the circuit amplifier with the 
USRP platform test bed to enable the communications and prove the data is transfer. 
As a result, the objectives of the proposed research are: 
 
 
• Develop and Design amplifier for Acoustic transmitter and receiver. 
• Implement the amplifier on the USRP Platform. 
• Implement the Underwater Acoustic transceiver system. 
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1.4  Scope of Work 
 
 
The scope of this research is including exploring on how to use GNU Radio 
and USRP to construct the acoustic system communication. These includes: learning 
the python and C++ language, installing the GNU Radio software on Linux, and 
learn how to use it as the software that will control the USRP board in order to 
construct the acoustic system communication test bed. Second is the development of 
the amplifier circuit of the test bed that can configure its modulation according to the 
system communication of the channel. Third is integrate the circuit amplifier with the 
USRP platform test of UWA can be configured to improve the communication 
between the nodes by sensing the packets are bad or good condition. Next is to 
implement the acoustic system underwater network to prove the data is transfer. The 
experiment platform consists of system control of UWA connection, which can 
complete point-to-point communication performance tests and end-to-end connection 
experiments. This platform serves as the testing and evaluating system of UWA 
 
 
 
 
 
1.7  Organization of the Thesis 
 
 
The rest of the thesis is organized as follows: Chapter 2 provides the relevant 
background for understanding the selection of using acoustic modems instead of RF 
modems for underwater communication based on the physics of the underwater 
environment, and also describes existing commercial and research underwater 
acoustic modems to illustrate the novelty and applicability of our design. Chapter 3 
describes all the initial components experiment of the integration System spritely. 
Chapter 4 describes the USRP Amplifier design and why we need in our research 
and finally the integration system test results in the water tank. The final chapter 
concludes the outcomes of the research and proposes a few ideas for future works.  
 
 
 
 
 
